Establishment and maintenance of pregnancy are critically dependent on embryo-maternal communication during the preimplantation period. The horse is one of the few domestic species in which the conceptus-derived pregnancy recognition signal has not been identified. To gain new insights into the factors released by the equine conceptus, transcriptional profiling analyses of conceptuses retrieved 8, 10, 12, and 14 days after ovulation were performed using a whole-genome microarray. Selected array data were confirmed using quantitative PCR, and the expression of proteins of interest was confirmed using immunohistochemistry and Western blotting. Gene ontology classification of differentially regulated transcripts underlines the ongoing embryo-maternal dialogue.
INTRODUCTION
Early conceptus development, implantation and maintenance of pregnancy are critically dependent upon a precisely orchestrated interaction between the conceptus and the uterine environment. This maternal-conceptus interaction, if successful, prompts continued progestin support, leading to a receptive uterine environment, which, in turn, is essential for the conceptus' development. The early conceptus signals its presence through biochemical processes that interrupt estrous cyclicity and maintain pregnancy. ''Maternal recognition of pregnancy'' (MRP), a phrase coined by Roger Short in 1963 [1] , is commonly used to describe the continuum of events leading to maintenance of gestation after successful fertilization and descent of the developing conceptus into the uterus. In a more narrow sense, the expression MRP is used to refer to the physiological processes by which the lifespan of the corpus luteum is prolonged. These processes are best understood in domestic ruminants and other ungulates, such as the pig. Interferon tau has been identified as a conceptusderived paracrine factor exhibiting antiluteolytic properties in ruminants, while conceptus-derived estrogens represent the primary pregnancy recognition signal in pigs [2, 3] . The horse is one of the few domestic species in which the conceptus-derived pregnancy recognition signal has not been identified and equids appear to be distinct from ruminants and pigs in the signal or signals being used for MRP. Horses exhibit some unusual features during early pregnancy that likely contribute to pregnancy recognition. For example, the spherical equine conceptus migrates continuously throughout the uterine lumen between Days 9 and 16 after ovulation [4] . Restriction of conceptus movement results in luteolysis, with subsequent failure of pregnancy maintenance [5] . Equine conceptuses also produce substantial amounts of estrogens and prostaglandins [6] [7] [8] ; however, their precise roles during early pregnancy remain unclear. Experiments attempting to prove that embryo-derived estrogens are responsible for extension of corpus luteum function have been inconclusive [9, 10] .
Microarray-based transcriptional profiling of both endometrial and embryonic tissues has been applied in various species to gain further insight into the molecular events underlying embryo-maternal interactions during MRP [11] [12] [13] . The objective of the present investigation was to profile mRNA transcripts of Day-8, -10, -12, and -14 equine conceptuses using a custom-designed whole-genome microarray. Time points were chosen to analyze conceptuses retrieved before the onset of MRP (i.e., Day 8) , during the onset of MRP (i.e., Day 10), and during MRP (i.e., Days 12 and 14) . Array data for selected genes were validated using quantitative RT-PCR (qRT-PCR) and expression of proteins of interest was confirmed using immunohistochemistry (IHC) and Western blotting.
MATERIALS AND METHODS

Animals and Tissue Collection
All animal procedures were completed in accordance with and with the approval of the Institutional Animal Care and Use Committee at the University of Kentucky. The luteal phase of the estrous cycle of mares was shortened by the administration of 10 mg of a prostaglandin analogue, dinoprost (Lutalyse; Pfizer, New York, NY). After induction of luteolysis, the animals were examined daily for follicular development, development of uterine edema, as well as cervical and uterine tone. In the absence of a distinct corpus luteum, the presence of a follicle at least 35 mm in diameter, pronounced uterine edema, and diminished uterine and cervical tone, each mare received 2,500 IU of human chorionic gonadotropin (hCG) (Chorulon; Intervet, Millsboro, DE) as an ovulation-inducing agent, and was simultaneously inseminated. For insemination, a minimum of 500 3 10 6 progressively motile sperm were used; semen was collected the day of insemination. The collected semen was extended with Equipro with ticarcillin (Minitube, Mount Horeb, WI) to a final concentration of 50 3 10 6 /ml. Mares were examined daily by ultrasonography for signs of ovulation. If ovulation had not occurred within 48 h after insemination, another artificial insemination was performed. Conceptuses were recovered 8, 10, 12, and 14 days after ovulation through transcervical flush, snap frozen in liquid nitrogen, and stored at À808C until further processing.
Isolation of RNA
Cellular RNA longer than 200 nucleotides was isolated from four conceptuses per developmental stage using the RNeasy Mini kit (Qiagen, Valencia, CA) according to the manufacturer's instructions. RNA was analyzed for quality by determining the RNA integrity number (RIN) using an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA) and was quantified via spectrophotometry using a NanoDrop ND-1000 (Agilent Technologies). Samples with a RIN of 8.0 or greater, a 260:280 ratio of 1.95 or greater, and a 260:230 ratio of 2.0 or greater were used for analysis.
Array Hybridization
Fluorescent cRNA was generated using the Low RNA Input Linear Amplification Kit (Agilent Technologies). In brief, total RNA (200 ng) was reverse transcribed to cDNA using primers containing a T7 RNA polymerase site, so that a T7 sequence was introduced in the resulting cDNA. T7 RNA polymerase-driven in vitro transcription was then used for the preparation and labeling of RNA with Cy3 or Cy5 dye. The fluorescent cRNA was purified using Qiagen RNeasy Mini kit, quantified using a NanoDrop ND-1000 (Agilent Technologies), and an equal amount (825 ng) of Cy3-and Cy5-labeled cRNA probes were hybridized on the custom array. Only samples that showed a specific activity equal to or greater than 8.0 pmol Cy3 or Cy5 per microgram of cRNA were used for array hybridization. Individual Day-8 conceptuses (n ¼ 4, labeled with Cy3) were paired with individual Day-10 (n ¼ 4, labeled with Cy5), Day-12 (n ¼ 4, labeled with Cy5), and Day-14 (n ¼ 4, labeled with Cy5) conceptuses, resulting in a total of 12 hybridizations. An equine-specific gene expression microarray containing 43 803 features previously constructed by the authors was used [13] . Hybridization was carried out overnight at 658C for 17 h, and hybridized slides were washed using the Gene Expression Wash Buffer kit, followed by Stabilization and Drying solution (Agilent Technologies). DNA Microarray Scanner was used for image acquisition (Agilent Technologies).
Analysis of Array Data
Feature Extraction 10.7 Image Analysis Software (Agilent Technologies) was used for computation of feature intensities. Mean feature intensity corrected for the local background was used for further analysis, and is hereafter referred to as raw data. Raw data were imported into JMP Genomics 3.0 (Cary, NC) and log base 2 transformed. Quality of raw data was assessed using Distribution Analysis and Correlation and Principal Component Analysis functions in JMP Genomics. MA plots (a plot of the distribution of the red:green intensity ratio (''M'') plotted by the average intensity (''A'') were generated to visualize intensity-dependent ratio of raw data. Raw data were normalized using Locally Weighted Linear Regression (LOWESS). Mixed model analysis was performed to identify significantly differentially expressed genes, whereby stage of conceptus development was included as a fixed effect and array as random effect. An F-test on least-square means was used to estimate the significance of difference for each gene in each comparison where P , 0.01 was considered to be statistically different. Only genes showing a difference in signal intensity of at least 2-fold between Day-8 and Day-10, -12, or -14 conceptuses in all four biological replicates were considered to be differentially expressed. Of the transcripts identified as differentially expressed between the different stages of conceptus development, only those classified as ''well above background'' by the Feature Extraction software were kept for further analysis.
Based on the data for human orthologous genes, the Database for Annotation, Visualization, and Integrated Discovery was used to categorize the genes regarding their molecular function, cellular compartment, or the biological processes in which they are involved, respectively. Only significantly enriched categories were considered. Resulting data were supplemented with additional information from Entrez Gene (www.ncbi.nlm. nih.gov/entrez/query.fcgi?db¼gene) and from the literature (http://www.ncbi. nlm.nih.gov/PubMed/).
Real-Time RT-PCR
Total RNA (200 ng) was treated with RNase-free DNase I (Ambion, Woodward Austin, TX) for 15 min at 378C, heat denatured (758C for 10 min), then reverse transcribed using High Capacity cDNA Reverse Transcription Kit and random hexamers (Applied Biosystems, Foster City, CA). Equine-specific primers for the selected transcripts were designed using Primer-BLAST (NCBI). Amplification efficiencies were similar between all primer sets used as determined using 1:10 serial dilutions of standard endometrial RNA samples. PCR products were sequenced to confirm identity of the amplicon. Real-time PCR was completed using 0.5 ll of cDNA andSYBR Green PCR Master Mix (Applied Biosystems) on a 7900HT Fast Real-Time PCR System (Applied Biosystems) with the following cycling conditions: 958C for 10 min; 45 cycles of 958C for 15 sec and 608C for 1 min; 55 to 958C for dissociation. Each PCR was performed in triplicate. All reactions were automatically pipetted using the epMotion Automated Pipetting Systems (Eppendorf, Westbury, NY). Specificity of amplification was monitored by including non-reverse-transcribed RNA reactions for each sample, and by completing a dissociation analysis at the end of each real-time run to verify the amplification of a single product. Changes in gene expression were calculated by mean threshold cycle (C T ) and then normalized for the housekeeping gene 18S to generate delta (D) C T values. A total of six presumptive reference genes had previously been tested with regard to stable expression levels, and 18S was shown to be the most stably expressed transcript across the different stages of conceptus development (data not shown). Linreg (http://www.gene-quantification.de) was used to determine the efficiencies of each PCR reaction followed by efficiency correction of Ct values. Changes in abundance of specific transcripts relative to levels in Day-8 conceptuses were examined by calculating the fold-effect using the DDC T method [14] . DC T values were compared using t-test analysis and a P value of 0.05 or less was considered statistically significant. Statistical analysis was carried out using SAS (SAS Institute, Cary, NC).
Immunohistochemistry
Conceptuses obtained through transcervical flush 14 days after ovulation were fixed in 4% formaldehyde for 24 h and then embedded in paraffin. Staining was performed on an automated staining system (Bond-MAX; Leica Biosystems, Newcastle Upon Tyne, UK) following the manufacturer's protocols. This involved an initial automated dewaxing and rehydration step, followed by heat-induced (1008C for 20 min) antigen retrieval using pH 8.8 ethylenediaminetetraacetic acid (EDTA)-based ready-to-use solution (Leica Biosystems). The slides were subsequently incubated with 3% hydrogen peroxide (5 min), optimally diluted primary antibody (30 min), a postprimary blocking reagent (to prevent nonspecific polymer binding) (8 min), horseradish peroxidase-labeled polymer (8 min), and diaminobenzidine substrate (10 min). All reagents were components of the Bond Polymer Refine detection system (Leica Biosystems).
Primary antibodies were diluted to optimal concentration (1:200) using Bond Primary Antibody Diluent (Leica Biosystems). Washing steps between each reagent were performed using Bond Wash Solution 103 Concentrate (Leica Biosystems) diluted to a 13 working solution with distilled water. Counterstaining was performed using hematoxylin. Sections were dehydrated and mounted with a cover slip. As negative controls, the primary antibody was substituted with serum block solution or normal serum from the species the primary antibody was raised in. The following polyclonal primary antibodies were used, relying on their cross-reactivity with the equine protein: rabbit antihuman fibrinogen alpha (FGA, sc-33580; Santa Cruz Biotechnology, Santa Cruz, CA), rabbit anti-human fibrinogen beta (FGB, sc-33581; Santa Cruz Biotechnology), rabbit anti-human fibrinogen gamma (FGG, sc-33582; Santa Cruz Biotechnology), rabbit anti-human plasminogen activator inhibitor (PAI)-1 (sc-8979; Santa Cruz Biotechnology), and rabbit anti-human neuraminidase 2 (NEU2, Anti-NEU2 56-70; Sigma-Aldrich, St. Louis, MO).
Generation of Conceptus-Conditioned Medium
Conceptuses obtained through transcervical flush 14 days after ovulation were incubated in Dulbecco modified Eagle medium/F12 medium (Invitrogen) supplemented with Antibiotic-Antimycotic (Invitrogen) for 24 hours. Conceptus-conditioned medium (CCM) was then concentrated using Centrifugal Filter Units (Millipore, Billerica, MA). Concentrated CCM was stored at À808C till further analysis.
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Western Blotting
Detection by immunoblotting was carried out for FGA and FGG using protein isolated from conceptuses, yolk sac fluid, capsular material, and CCM using the same antibodies used for IHC. Total protein from conceptuses was recovered from flow-through of the RNeasy spin column through acetone precipitation. Four volumes of ice-cold acetone were added to the flowthrough and stored at À208C. Protein was precipitated through centrifugation at 12 000 3 g for 10 min. The resulting pellet was resuspended in 13 Laemmli sample buffer (Bio-Rad, Hercules, CA). CCM, yolk sac, and capsular material were mixed with an equal volume of 23 Laemmli sample buffer. Samples were then incubated at 958C for 4 min followed by electrophoresis on 15% SDS polyacrylamide gels. After electrophoresis, proteins were transferred to nitrocellulose (Bio-Rad) using an electroblotting apparatus (Bio-Rad). Membranes were incubated for 1 h in TBS (10 mM Tris-CHl, 150 mM NaCl) with 5% nonfat dry milk to block nonspecific binding, followed by incubation with primary antibody (diluted 1:400) overnight at 48C. Following several wash steps with PBS with 0.1% SDS, binding of primary antibody was detected using horseradish peroxidase-conjugated mouse anti-rabbit immunoglobulin (diluted 1:10 000; Sigma-Aldrich) and SuperSignal West Pico Chemiluminescent Substrate (Thermo Scientific, Rockford, IL). As negative control, the primary antibody was omitted and replaced with PBST containing 1% BSA.
RESULTS
Detection of Differentially Expressed Genes in Conceptuses
Obtained 8, 10, 12, and 14 Days after Ovulation Custom oligonucleotide microarrays were used to analyze differences in steady-state mRNA between Day-8 and Day-10, -12, and -14 conceptuses. RNA was isolated, fluorescently labeled, and analyzed after array hybridization. A total of 355, 1211, and 1144 transcripts were identified as differentially expressed between Day-8 and -10, Day-8 and -12, and Day-8 and -14 conceptuses, respectively. Transcripts with higher expression levels than Day-8 conceptuses are referred to as up-regulated, and those with lower expression levels than Day-8 conceptuses as down-regulated. Table 1 gives an overview of the number of transcripts differentially regulated and the percentage of genes thereof with known or inferred function. A total of 151 differentially expressed transcripts were common between Day-10, -12, and -14 conceptuses, and are listed in Table 2 . Remaining transcripts (n ¼ 1693) showing a statistically significant difference in only Day-10 (n ¼ 110), -12 (n ¼ 524), or -14 (n ¼ 495) conceptuses, or showing a statistically significant difference in Day-10 and -12 (n ¼ 66), Day-10 and -14 (n ¼ 28), and Day-12 and -14 conceptuses (n ¼ 470), respectively, are listed in the Supplemental Data (available at www. biolreprod.org). Figure 1 depicts the overlap of differentially expressed transcripts between Day-10, -12, and -14 conceptuses using a Venn diagram. The results for the gene ontology (GO) classification cellular component, molecular function, and biological process for up-and down-regulated transcripts are depicted in Figure 2 . The majority of genes showing higher expression in Day-10, -12, and -14 conceptuses are consistent with cell surface events, such as transcripts falling into the cellular compartments ''extracellular region'' and ''intrinsic to plasma membrane.'' The biological processes in which up-regulated transcripts are involved reflect the response of the conceptus to various stimuli as well as lipid biosynthetic and fatty acid metabolic processes taking place. Down-regulated transcripts mainly localize to the nucleus, are involved in regulation of gene expression, cell division, and regulation of immune response.
Real-Time RT-PCR
To verify selected expression data obtained from the microarray analysis, RT-qPCR was performed on a subset of genes that showed a significant up-or down-regulation between Day-10, -12, and -14 conceptuses when compared with Day-8 conceptuses. Transcripts were selected based on their potential developmental significance and based on their fold change to include genes with a low and high fold change. (Fig. 3 ). Difference in expression data obtained by microarray analysis were confirmed using this approach; all transcripts showed a statistically significant difference in expression when compared with levels in Day-8 conceptuses. The ratios obtained by RT-qPCR paralleled those obtained by array hybridization in 15 out of 16 transcripts; SLC26A4, which showed a significant downregulation in the microarray analysis, showed only a mild trend toward down-regulation upon RT-qPCR. For highly expressed transcripts, such as FGA, FGB, and FGG, the fold change obtained by RT-qPCR analysis was higher than that obtained by microarray analysis. This discrepancy in fold change highlights the tendency of microarrays to show suppressed changes in expression due to their narrower dynamic range relative to RT-qPCR, a phenomenon most pronounced for highly expressed genes [15] .
Immunohistochemical Localization of Selected Gene Products
IHC was performed using five selected up-regulated genes, FGA, FGB, FGG, NEU2, and PAI1 (Fig. 4) . FGA, FGB, and FGG were selected as their expression by preimplantation stages of embryonic development has not yet been described; NEU2 and PAI1 were chosen due to their potential developmental significance. No staining could be observed when the primary antibody was omitted and replaced with serum block solution or normal serum obtained from the species in which the primary antibody was raised. Signal for all five proteins was detected and localized to trophoblast cells. FGB and NEU2 showed strong staining intensity, and FGA and FGB showed moderately strong staining intensity, while PAI1 exhibited moderate staining intensity. In the case of FGA, FGB, and FGG, the acellular capsule also showed a strong staining intensity. NEU2 resulted in faint staining of capsular material, while PAI1 did not result in any visible staining signal associated with the capsule.
Western Blotting
A similar pattern of immunoreactivity was observed for FGA and FGG. Immunoreactive bands at the respective (Fig. 5) .
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DISCUSSION
Successful establishment of pregnancy is characterized by temporally and spatially regulated events in the endometrium and conceptus. The pregnancy recognition signal in the mare has eluded identification thus far, and limited information is available about transcriptional activity of preimplantation TRANSCRIPTOME OF EQUINE CONCEPTUSES equine conceptuses. The objective of the present study was to identify differences in gene expression between Day-8, -10, -12, and -14 equine conceptuses with Day-8 conceptuses representing a stage before MRP, and the remaining developmental stages coinciding with MRP. Conceptuses were retrieved on the respective days after ovulation and subjected to holistic gene expression analysis (i.e., microarray analysis).
A custom-designed whole-genome microarray based on publicly available sequences supplemented with expression data obtained by high-throughput sequencing was used [13] . Day-8 conceptuses were paired with Day-10, -12, and -14 conceptuses for array analysis. Four conceptuses per time point were analyzed. Totals of 355, 1211, and 1144 transcripts were differentially expressed between Day-8 and Day-10, -12, and -14 conceptuses, respectively. The main criterion for differential expression was a difference in signal intensity of 2.0-fold or more in all four conceptuses included in the study, a ''well above background'' call, and a P value of 0.01 or less. Quantitative PCR on a subset of selected genes confirmed expression data obtained by microarray, supporting the results. Protein expression of selected transcripts was confirmed using Western blotting and IHC. GO classification of up-regulated genes revealed that the majority of transcripts with higher expression in Day-10, -12, and -14 conceptuses when compared to Day-8 conceptuses localize to the extracellular region and/or are intrinsic to the plasma membrane. This reflects the embryo-maternal cross-talk, as gene products released into the conceptus' surroundings can act upon the uterine environment to elicit changes necessary for establishment of pregnancy. Significantly enriched transcripts for the GO category ''Biological Process'' reflect the response of the developing conceptus to various stimuli, foremost hormone and extracellular stimuli. This mirrors the response to factors released by the endometrium during early pregnancy, as well as the response to steroid hormones secreted by the equine conceptus itself. The enhanced expression of genes involved in cholesterol transport reflects the active synthesis of steroid hormones. The biological processes ''lipid biosynthetic Upper row, up-regulated transcripts; lower row, down-regulated transcripts. GO processes are ranked by the percentage of genes falling in to the respective category. Genes may appear multiple times within these hierarchies so that the number of genes provided in this figure is relative to a certain biological process, and is not absolute. 
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process'' and ''fatty acid metabolic process'' depict the increased energy need of the conceptus and the production of prostaglandins. Down-regulated transcripts were significantly enriched for the cellular compartment ''nucleus,'' which is in accordance with the biological process in which these transcripts are involved, the regulation of gene expression. The need to protect the semiallograft conceptus from the uterine immune system can be seen in that the down-regulated transcripts are significantly enriched for genes in the positive regulation of the immune system. A subset of genes identified as differentially expressed, such as BRCA1, has previously been described in the context of early pregnancy in species other than the horse. BRCA1, best known for its function as tumor suppressor gene, showed higher expression in Day-12 and -14 conceptuses. A knockout model for BRCA1 in mice has demonstrated a critical role for this gene in early embryonic development [16] , and recently BRCA1 has been suggested as a marker of implantationcompetent blastocysts in the mouse [17] . Given the expression in equine conceptuses, it seems that the expression of BRCA1 is required for successful embryonic development across species. Other transcripts, such as FGF2, showed a different expression pattern than observed previously in other species. FGF2 showed a decrease in expression in the current study as conceptus development proceeded, while FGF2 mRNA abundance temporarily increases in cattle, coinciding with onset of elongation of the conceptus [18] . Unlike in cattle, increased expression of FGF2 does not seem to be critical for proper embryonic development in the horse; however, one has to keep in mind that equine conceptuses do not undergo elongation, and that FGF2 may be important for conceptus' implantation, which occurs at a later stage in equine pregnancy. Besides transcripts previously described as expressed by early stages of embryonic development in species other than the horse, a set of genes was identified not yet known to be expressed by embryonic tissue. In the following, the discussion highlights the potential function of selected transcripts apparently unique to equine conceptuses.
Fibrinogen Alpha, Beta, and Gamma
Fibrinogen is a soluble plasma glycoprotein synthesized by the liver that is converted by thrombin into fibrin during blood coagulation. Fibrinogen occurs as a dimer, each monomer being composed of three nonidentical chains-alpha, beta and gamma-linked together by several disulphide bonds [19] . A surprising finding in the current study was the up-regulation of all three fibrinogen subunits, alpha, beta, and gamma. Microarray data were confirmed using qPCR; all three subunits showed a similar expression pattern, with low mRNA levels observed in Day-8 embryos that gradually increase in Day-10, -12, and -14 conceptuses. Fibrinogen gamma showed the largest fold-change increase, followed by fibrinogen beta and alpha. Western blot analysis on conceptus tissue, capsule, yolk sac, and CCM confirmed the presence of fibrinogen alpha and gamma protein in conceptus tissue, its association with capsular material, its presence in yolk sac fluid, and the secretion of the respective proteins into the surroundings (i.e., CCM of the conceptus). It is therefore likely that fibrinogen chains of conceptus' origin are released into the uterine lumen during early pregnancy and can act upon the endometrium. During the Western blot analysis, a higher molecular weight band (approximately 250 kDa) was observed. It is possible that this higher molecular weight band represents intact fibrinogen and is detected due to cross-reactivity of the subunit-specific antibodies with intact fibrinogen. In humans, maternal fibrinogen is required to support pregnancies by maintaining hemostatic balance and stabilizing uteroplacental attachment at the fibrinoid layer found at the fetal-maternal junction [20] ; likewise, during embryonic development in the mouse, fibrinogen stabilizes placental-maternal attachment [21] . This is the first reported observation of expression of fibrinogen in preimplantation embryos. The production of fibrinogen subunits and their likely secretion into the uterine environment is a puzzling finding, given the role of fibrinogen in inflammatory processes. Soluble fibrinogen has been shown to activate neutrophils, resulting in degranulation, enhancement of phagocytosis, and apoptosis delay [22] . Fibrinogen is also able to stimulate chemokine production by macrophages [23] . In the context of early pregnancy and the need for a tightly controlled endometrial immune system, to avoid rejection of the semiallograft conceptus, it seems unlikely that fibrinogen exerts the above-mentioned actions. At this time, the biological implication of fibrinogen alpha, beta, and gamma at the conceptus-maternal interface in the horse remains unclear and warrants further investigation. A role for fibrinogen in the inhibition of luteolysis seems unlikely, given that the molecular weight of the pregnancy recognition signal secreted by the equine conceptus lies between 1000 and 10 0 000 Da and is not altered by proteinase K treatment [24] .
Genes Related to the Equine Capsule
The equine conceptus is surrounded by an acellular glycoprotein capsule, a structure unique amongst domestic animals, with the glycoproteins being derived from the trophoblast [25] . This capsule contains glycoproteins resembling those of the mucin family, with sialic acid making up a high content of the carbohydrates [26] . The sialylation of glycoproteins takes place in the Golgi apparatus [26, 27] , and different sialyltransferases catalyze the transfer of sialic acid residues onto glycan structures [28] . The up-regulated transcript SLC35A1, also known as CMP-sialic acid transporter, transports CMP-sialic acid into the lumen of the Golgi complex, supplying substrate for the posttranslational modification of proteins [29] . Sialyltransferases are enzymes that transfer sialic acid to nascent oligosaccharides, each exhibiting specificity for a particular sugar substrate [28] . Four sialyltransferases, ST6GALNAC3, ST6GAL1, ST8SIA4, and ST8SIA2, showed elevated mRNA expression levels in older conceptuses. The up-regulation of SLC35A1 and the four sialyltransferases in the current study is hypothesized to reflect the biosynthetic activity of the equine conceptus with regard to production of capsular material. Moreover, the composition of the capsule is not static, but rather changes as conceptus development proceeds. So does the sialic acid content decrease markedly from about Day 16, coinciding with the conceptus' fixation in the uterus [30] . The gene NEU2 encodes for an enzyme known as neuraminidase 2 or sialidase 2. This gene belongs to a family of glycohydrolytic enzymes, which cleave sialic acid residues from the oligosaccharide components of glycoconjugates [31] . Expression studies in COS7 cells confirmed that this gene encodes a functional sialidase. Its cytosolic localization was demonstrated by cell fractionation experiments [32] . Arar and coworkers [33] demonstrated that the capsule of prefixation conceptuses contains a sialylated core type 1 O-linked glycan, while the capsule of the postfixation conceptus contains a desialylated core type 1 glycan. The loss of sialic acid from the sialylated core type 1 in the capsule appears to be directly related to successful fixation of the conceptus at Day 16, and thus critical to the continuation of pregnancy in horses. Thus far, the underlying mechanism of deglycosylation is unknown, and the description of sialidase 2 expression by the equine embryo is the first possible explanation for this phenomenon. NEU2 mRNA could be detected in increasing levels from Day-8 to Day-14 conceptuses in both microarray and RT-qPCR analysis, and protein expression was localized to trophoblast cells using IHC. It seems, therefore, that the conceptus itself regulates the timely change of its capsule composition, an event leading to its fixation in the uterus.
Lipocalin and Osteopontin
Interestingly, lipocalin and osteopontin showed a decrease in expression in the current study. Both genes are primarily known for their progesterone-dependent expression by endometrial tissue during pregnancy. Lipocalin, P19, mRNA decreased as conceptus development proceeded, which could be confirmed using RT-qPCR. Lipocalin is primarily known as a progesterone-dependent protein secreted by the endometrium into the uterine lumen of the mare. It associates with the embryonic capsule and is transferred through the capsule into the yolk sac fluid via trophoblast cells [34] . Northern blot analysis, a less sensitive technique than RT-qPCR, failed to detect expression of P19 in the conceptus [35] . In the current study, lipocalin mRNA was present in moderate amounts in Day-8 conceptuses and decreased in Day-10, -12, and -14 embryos. The observed decrease in P19 expression may be a consequence of the high amounts of P19 of uterine origin supplied to the conceptus. SPP1, known as osteopontin, is an extracellular matrix protein that binds integrins to promote cell-cell attachment and communication; it is also reported to act as an immunomodulator [36] . Osteopontin of uterine origin appears to play a key role in conceptus implantation and maintenance of pregnancy in sheep [37] and pigs [38] , while such a clear role has not been defined in equine. SPP1 mRNA levels showed a pronounced decrease from Day-8 to Day-14 conceptuses on both the microarray and RT-qPCR data. To our knowledge, a developmental stage-dependent decrease in SPP1 expression by conceptuses has not been reported; given the delayed implantation of the equine conceptus, which does not occur until Day 40 [39] , we hypothesize that the reduced expression of osteopontin contributes to the prolonged preimplantation phase.
Solute Carriers and Nutrient Uptake
The equine conceptus is dependent upon nutrient uptake from uterine secretions during the preimplantation period. Secreted proteins make up a substantial portion of the gene products up-regulated in pregnant mares, and contribute to formation of the so-called histiotrophs [13] . A total of 42 TRANSCRIPTOME OF EQUINE CONCEPTUSES 883 members of the solute carrier (SLC) group of membrane transport proteins were differentially regulated between the different stages of conceptus development. A total of 30 transporters showed an increase, and 12 transporters showed a decrease in expression level relative to Day-8 conceptuses. SLC transporters are integral membrane proteins that transport a diverse array of solutes [40] . We hypothesize that these transporters contribute to nutrient exchange between the uterus secreting histiotrophs and the developing conceptus. Given that some transporters were up-regulated and some down-regulated, it seems that each developmental stage expresses a unique subset of transporters to facilitate transfer of nutrients required for conceptus growth.
Apolipoproteins are proteins that bind to lipids in order to form lipoproteins for transport. APOB, APOC2, APOE, APOM, and APOH are five apolipoproteins identified as up-regulated in the current study. In the developing mouse embryo, it has been suggested that APOB plays an essential role in the transport of lipid nutrients to the developing mouse embryo via the yolk sac-mediated synthesis and secretion of lipoproteins [41] . We suggest that the aopolipoproteins expressed by the equine conceptus exert a similar function, and that the array of apolipoproteins expressed ensures adequate nourishment of the developing embryo.
Counteraction of Trophoblast Invasion
We have previously described the down-regulation of plasminogen in equine endometrium during early pregnancy, and suggested this to be part of a mechanism that counteracts trophoblast invasion [13] . The plasminogen system is one of the proteinases implicated in trophoblast invasion [42] . Here we report the down-regulation of plasminogen activator and antiplasmin precursor, as well as the up-regulation of PAI. Protein expression of PAI1 was confirmed by IHC. PAI1 reactive protein was found to be localized to trophoblast cell. These findings further corroborate the previously made suggestion that the plasminogen system is down-regulated to prevent erosion of the endometrium in the equine pregnancy, which is characterized as noninvasive.
Synthesis and Metabolism of Steroid Hormones
As can be expected, a number of enzymes involved in the synthesis and metabolism of steroid hormones were identified as differentially regulated. The steroidogenic acute regulatory protein (STAR) is a transport protein that regulates cholesterol transfer within the mitochondria, which is the rate-limiting step in the production of steroid hormones. STAR showed higher expression in Day-12 and -14 conceptuses compared with Day-8 conceptuses. Human embryonic stem cells express STAR at the mRNA and protein level, and hCG treatment rapidly upregulates STAR-mediated cholesterol transport [43] . In porcine embryos, STAR mRNA is maximal during conceptus elongation, and has been suggested as a major regulator of steroidogenesis [44] . The cytochrome P450 cholesterol sidechain cleavage enzyme (P450SCC) is a mitochondrial enzyme associated with the conversion of cholesterol to pregnenolone, which showed a similar expression pattern to STAR. HSD3B1, an enzyme playing a crucial role in the biosynthesis of all classes of hormonal steroids, was likewise up-regulated in Day-12 and -14 conceptuses. As previously described by Walters et al. [45] , expression of CYP19A1, commonly known as aromatase, was detected, with mRNA levels starting to increase in Day-12 equine conceptuses. CYP17A1 is a cytochrome P450 enzyme that acts upon pregnenolone and progesterone, showing an increase in expression in the current study starting in Day-12 conceptuses. Four members of the 17b-hydroxysteroid dehydrogenase family showed lower mRNA levels as conceptus development proceeded, while one member, HSD17B8, showed an increase in transcript level in Day-14 conceptuses. Changing 17b-hydroxysteroid dehydrogenase activity has been shown in preimplantation mouse and rat embryos, and has been suggested to regulate the estrone-toestradiol ratio in the embryo [46] . The equine embryo proper has been shown to convert estrone to estradiol and vice versa, an event that could be regulated by stage-specific expression of 17b-hydroxysteroid dehydrogenases.
Phospholipases
Phospholipases (PLAs) catalyze the hydrolysis of phospholipids; depending on the type of reaction catalyzed, PLAs are categorized into four major classes: A, B, C, and D. The expression of PLA2 in equine conceptuses has been described previously [47] . PLA2 catalyzes the release of arachidonic acid needed for prostaglandin synthesis from membrane lipids. Given the large quantities of prostaglandins produced by the equine conceptus, the expression of PLA2 most likely provides substrate for the production of the latter. PLA2G1B (PLA2a) has been shown to be crucial for ''on-time'' embryo implantation in the mouse [48] . For the first time, the expression of phospholipases of each of the four major groups is described in equine conceptuses. The orchestrated expression of these enzymes seems to be crucial for embryonic development, not only in humans and mice, but also in horses.
To conclude, these results give insight into the changes occurring at the mRNA level during early embryonic development in conceptuses retrieved 8, 10, 12, and 14 days after ovulation. GO classification of transcripts differentially expressed underline the ongoing reciprocal embryo-maternal dialogue, with the majority of up-regulated genes being consistent with cell surface changes (the embryo signaling to the uterine environment) and the response to extracellular stimuli (the embryo responding to uterine stimuli). The data support a previously proposed hypothesis regarding the counteraction of trophoblast invasion [13] . Starting points for more detailed investigations are provided with the description of fibrinogen subunit expression at the mRNA and protein level, and the new concept that the conceptus itself regulates the sialic acid content of its capsule through the expression of sialidase.
